Although the two F' elements, F57 (carrying his+) and KLF1 (carrying leu+), cannot normally coexist in the same cell, crosses between RecA-strains of Escherichia coli carrying these two elements gave rise, at a low frequency, to progeny carrying both the his + and leu + markers in an extrachromosomal state. Genetic studies showed that the his+ and leu+ markers were now linked, and centrifugation studies of F' DNA isolated from these strains confirmed the presence of a new species of DNA molecule of altered size. It is proposed that the his+ and leu + genes in these strains are covalently linked on a single "fused" F' element.
Normally, two F' elements cannot coexist in the same cell (1) (2) (3) , and similarly, replication of an F' element is inhibited in an Hfr strain (1, 4, 5) . This property is called incompatibility and may stem from the same control mechanism that limits the number of copies of an F' element to 1-2 per chromosome (6, 7) . In all cases so far described in which two F or F' elements have been found in the cell, both are probably integrated into the bacterial chromosome (sometimes in an unstable manner) and replicated as a part of it; these cases include the double male (8) and F' derivatives of an Hfr strain (4, (9) (10) (11) . Integration of an F' factor into the chromosome can occur at a low frequency even in a RecA-strain (a strain deficient in recombination) (11, 12) .
We have studied the rare His+ Leu+ progeny derived from F57 (an Fhis+) and KLF1 (an Fleu+) in a RecA-strain. These two F' elements were chosen since it was found that they could be easily separated by sucrose gradient centrifugation even when both were labeled with tritium. This was important since our intention was to investigate whether His+ Leu+ cells, apparently carrying both F57 and KLF1, contained two plasmid DNA molecules, one (15) .
Phage Strains and Techniques. Lysates of the male-specific phages MS2 and M12 were made by a confluent plate lysis technique. Sensitivity to these phages was determined as described (16) . Bacteriophage X, was obtained from Dr. M. Monk.
Media and Buffers. The bacterial growth media have been described (17) . Cultures of strains carrying F' episomes to be used for DNA extractions were grown in a medium based on M9 medium (18) with the addition of 0.4% glucose, 0.01 M MgSO4, 0.2 ug/ml of thiamin, and 20 ug/ml of L-amino acids. EM9 medium contained 0.25% casamino acids instead of individual amino-acid supplements. TES is described by Bazaral and Helinski (19) . TES-Cl is similar, but contains 0.3 M NaCl.
[ 
MX173, MX176, and MX178 are derivatives of JC1553. JC4121 is a SpcR derivative of JC1553. JC5466 is a recA56 derivative of JC5455 (16) .
to be used as recipient, cultures were phenocopied by shaking them for 24 hr in M9 minimal medium. These cultures were diluted 10-fold into L broth to obtain densities of 1-2 X 108 cells/ml and were used immediately. Donor populations were always tested to determine what proportion of the cells still carried the appropriate F' factor(s), and the results were corrected accordingly.
Preparation of X [14C]DNA. AB1157 (17) was grown in 25 ml EM9 medium to about 4 X 108 cells/ml. Bacteriophage Xv was then added at a multiplicity of infection of 5. After 10 min, deoxyadenosine (1.25 ml of a 5 mg/ml solution), thymidine (0.01 ml of a 1 mg/ml solution), [14C]thymidine (0.1 ml of a 55 MCi/ml solution), casamino acids (0.5 ml of a 10% solution), and glucose (0.06 ml of a 40% solution) were added.
After incubation for 2 hr at 370 the cells lysed. The lysate was cleared by centrifugation twice at low speed, and the X phage (5 X 1010 plaque forming units/ml) was sedimented by centrifugation at 20,000 rpm for 30 min in the International SB110 rotor. The phage were resuspended in about 0.5 ml buffer by gently shaking overnight at 4°.
The DNA was extracted from the phage by a procedure essentially similar to that described by Thomas and Abelson (20) . Phenol remaining in the DNA solution was removed by 100 a. This solution contained 350 ug/ml DNA and 250,000 cpm/ ml. For use in sucrose gradients, it was diluted 1: 10 in TES-Cl and heated at 65°for 1 min, followed by rapid cooling, to ensure linearity of the DNA molecules. 25 ul, which contains 600 cpm and <1 ug DNA [as recommended by Burgi and Hershey (21) ], were layered onto gradients. Preliminary tests showed a single peak in such gradients.
Preparation of F' DNA. Cultures were grown in minimal medium lacking histidine or leucine or both, as appropriate, to ensure that most cells harvested still carried the F' episome. Labeling, with 10 MCi/ml [ The tubes were then punctured, and 5-drop (0.15-ml) fractions were collected directly into 10 ml of scintillation Proc. Nat. Acad. Sci 
RESULTS
Properties of the Original F' Episomes, F57 and KLF1. DNA molecules of F57 and KLF1 could easily be distinguished from one another in the same sucrose gradient even if both were labeled with tritium (Fig. 1) . The fast-moving peaks containing most of the DNA presumably represent the covalently-closed circular (CCC) forms, since the F' DNA had been isolated on this basis as a satellite peak after CsClethidium bromide density gradient centrifugation. Further evidence for this was obtained by storing the DNA preparations at 40 for several days and then repeating the sucrose gradient centrifugations (Fig. 2) . In both cases, the fastmoving peaks were converted to slower sedimenting forms presumably representing nicked circles (23, 24) . The third, slowest-moving peak seen in gradients containing the large KLF1 episome may result from further degradation to linear, and perhaps fragmented, molecules: a similar slow-moving peak was formed in a progressive fashion on treatment of nicked-circular F57 DNA (Fig. 2c) Construction and Properties of His+ Leu+ Derivatives. These strains were constructed either by crossing ED332 (carrying F57) and MX176 (the KLF1 derivative of JC1553), or MX177 (carrying KLFl) and MX173 (the F57 derivative of JC-1553). Donors were used in exponential phase and recipients (the JC1553 derivatives) in stationary phase. His+ Leu+ [StrR] progeny were selected, and these clones, which were obtained at a low frequency (<10-4 per donor cell), were patched on the same selective medium. Only a proportion of these patches grew, perhaps indicating that a secondary event was necessary for the formation of a stable His+ Leu+ clone. These were purified and characterized.
Three clones, MX186, MX187, and MX188, had similar properties. The His+ Leu+ phenotype was stable during growth in broth, and on treatment with acridine orange, both phenotypes were lost together in all cases ( Table 2 ). In matings, his+ and leu+ were both transferred at about the same frequency (that characteristic of KLF1), and all His+ progeny were Leu+ and vice versa (Table 2) . Genetically, then, all three strains seemed to contain a single F' episome carrying both his+ and leu+. MX186, carrying an F' episome tentatively designated MXF1, was selected for study of its F' DNA. A further clone, MX185, was similar to these three clones except that it lost both markers together at a high frequency ( Table 2 ). The F' DNA from this strain, tentatively designated MXF2, was also examined.
Other clones, such as MX189, apparently still carried an autonomous F57 episome, but the leu+ marker, perhaps together with some part of F from KLF1, seemed to be integrated into the chromosome (Table 2 ). These strains were not further investigated.
Characterization of MXF1 and MXF2. F' ['H ]DNA was obtained by CsCl-ethidium bromide density gradient centrifugation as described in Methods; it was used for mixedlabel sucrose gradients with X (not shown), F57, or KLF1 [14C]DNA (Fig. 3, a-d) . Both MXF1 and MXF2 gave a three-peak pattern similar to that observed with KLF1 (Fig.  2) . Upon storage of the F' DNA at 40 for 5 and 11 days, and recentrifugation with X [14C]DNA, the fastest-sedimenting peaks decreased in size at a rate similar to the F57 and KLF1 CCC DNA peaks: they therefore contain CCC DNA. No new peaks appeared, indicating that the two slower-moving peaks represent the degradation products of the CCC form, i.e., nicked circular and linear (or fragmented) molecules, respectively. Why these slower-moving peaks should contain so much of the F' DNA after only 1 day's storage is not clear.
The CCC forms of MXF1 and MXF2 sedimented at different velocities than the CCC forms of either of the parental F' episomes. MXF1 sedimented faster than either F57 or KLF1, and MXF2 sedimented at an intermediate rate (Fig.  3, a-d) . The sedimentation coefficients were estimated by comparison with X [14C]DNA to be 153 S (for MXF1) and 108 S (for MXF2).
These results show that a new species of CCC F' DNA of altered size was present in cells carrying the presumptive fused Fhis+ leu+ episomes, and in the two cases tested, these new species differed in size from each other.
Transfer-Deficient His+ Leu+ Strains. If the His+ Leu+ strains arise by recombination between F57 and KLF1, then a part of one or both F factors is probably deleted, perhaps as a requirement for stability of the resultant fused F' episome. Such a deletion can be deduced in the case of MXF2 from its size, which was intermediate in comparison with the parental F' episomes.
An attempt was made to demonstrate deletion by genetic means, with a transfer-deficient mutant of F57 carrying the recessive mutation traJ90. This mutant episome was made by recombination between F57 and Flac traJ90 (16, 26) , and is designated EDFH1 in accordance with the nomenclature recommended in (16) . His+ Leu+ strains derived from EDFH1 and KLF1 should be transfer-deficient if the traJ+ allele is deleted from KLF1 in formation of the fused F' episome.
His+ Leu+ strains were isolated from crosses between MX177 (carrying KLF1) and MX178 (carrying EDFH1) as described above. One of these, MX193, was similar to the His+ Leu+ strains described above in that both the His+ and Leu+ phenotypes were lost together on treatment with acridine orange (Table 2) . MX193, however, was transfer-deficient, showing that the traJ+ allele of KLF1 had been deleted Although the molecular weight of MXF2 was clearly smaller than the sum of the molecular weights of F57 and KLF1, it is more difficult to assert this for MXF1 and MXF3. However, MXF3 was shown genetically to have lost some F DNA, including the traJ+ allele of KLF1. It seems likely, then, that these F' episomes arise by two recombination events between the two parental F' DNA molecules. The first would give a DNA molecule with F57 and KLF1 in tandem. Such molecules were not found, so that as would be expected, this situation must be unstable. A second recombination event
